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abstract: Strongdoides ratti infections in gerbils, Meriones unguiculatus, are chronic when compared to 
infections with this species in other rodent hosts. Furthermore, eggs are rarely found in freshly passed feces, 
instead, resembling Strongyloides stercoralis infection, rhabditiform, first-stage larvae are characteristically ex¬ 
pelled. The longevity of 5. ratti infection in gerbils is not, however, due to naturally occurring autoinfection, 
nor could autoinfection be induced by immunosuppression or prolongation of intestinal transit time. 
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Experimental murine strongyloidiasis, involv¬ 
ing Strongyloides ratti and the rat, is a frequently 
used laboratory model for human strongyloidi¬ 
asis. Unfortunately, however, this host-parasite 
association does not mimic the 2 most charac¬ 
teristic features of Strongyloides stercoralis in¬ 
fection in man, namely autoinfection and the 
unusual propensity to establish extremely chron¬ 
ic infections. Indeed, several attempts to provoke 
autoinfection in S. ratti- infected rodents have 
failed and adult worms are expelled from the 
usual rodent hosts (rats and mice) within the first 
2 to 3 wk of infection (Dawkins, 1989). In this 
connection, it is interesting that an isolate of 
Strongyloides (probably S. ratti ) from a muskrat 
survived in gerbils for a year (M. D. Little, pers. 
comm.). 

Our own experience with a well-known strain 
of S. ratti indicates that infections in gerbils re¬ 
main patent for at least 5 mo. This longevity of 
infection in gerbils, as well as our observation 
that in this host the eggs of S. ratti almost in¬ 
variably hatch internally, prompted the 2 major 
questions addressed in this study: 1. Could the 
unusual longevity of a primary infection be due 
to naturally occurring autoinfection? and 2. Be¬ 
cause the eggs hatch internally, could autoinfec¬ 
tion be induced (or enhanced) by either increas- 
ng intestinal transit time and/or depressing the 
host’s immune responses? 

Materials and Methods 
Parasite strain 

Strongyloides ratti infective third-stage larvae (L,) 
were obtained from fecal cultures of donor rats main¬ 
tained in our laboratory. The strain (G60, a heterogonic 
strain) was obtained originally from Dr. M. E. Viney, 
University of Edinburgh, Edinburgh, Scotland. 


Experimental animals 

Purpose-bred female gerbils were purchased from 
Tumblebrook Farm, Inc. (West Brookfield, Massachu¬ 
setts), housed 5 to a cage, and fed Purina Lab Chow 
and water ad libitum. 

Experimental designs 

To confirm that S’, ratti infections in gerbils are in 
fact long-lasting, 2 4-6-week-old animals were injected 
subcutaneously (SQ) with 500 and 700 L,, respectively. 
The number of L,’s shed in the feces was determined 
weekly using the McMaster technique, which has a 
lower detection limit of 100 larvae/g. A third gerbil 
received 1,000 L, SQ and 3 mg of prednisolone acetate 
on 4 alternate days beginning on the day of infection. 

For an experiment designed to provoke (or enhance) 
autoinfection by immunosuppression, increasing the 
intestinal transit time, or by both treatments com¬ 
bined, 40 gerbils were injected with 1,000 L 3 S. ratti 
SQ. The infected animals were divided into 4 groups 
of 10 each: infected controls, prednisolone-treated, di¬ 
phenoxylate-treated, and a group treated with both 
drugs. 

Prednisolone acetate (3 mg/gerbil on alternate days 
for 4 treatments and then at 4-day intervals for the 
duration of the experiment) was selected as the im¬ 
munosuppressive agent of choice, Kamiya and Sato 
(1990) having used it successfully to adapt the complete 
life cycle of Echinococcus multilocularis to the gerbil, 
a normally nonpermissive definitive host. To increase 
intestinal transit time, the motility-altering, antidi- 
arrheal drug diphenoxylate was used at the dosage sug¬ 
gested by Megens et al., 1989 (8.15 mg/kg per os) on 
alternate days. 

The animals in each group were divided into 2 lots 
of 5, 1 scheduled for euthanasia at about patency (days 
6-8) and the other day 21, when infections normally 
have been expelled from rats and mice. These 2 nec¬ 
ropsy times were based on unpublished observations 
and theoretical considerations (Schad, 1989) suggesting 
that autoinfection, it it were to occur, would maximize 
early in the infection (i.e., about the time of patency), 
and if it did extend the infection beyond its normal 
duration in rodents, would have to occur before the 
infection is normally expelled. 
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Table 1. Recovery of first-stage larvae of Strongy- 
loides ratti from the intestines of gerbils at 2 times 
postinfection. 


Number of larvae recovered 
(geometric mean)*f 


Group 

Day 6-8 

Day 21 

Infected controls 

3,197.1 

134.6 a 

Prednisolone-treated 

4,187.1 

332.6 

Diphenoxylate-treated 

9,319.8 

103.6 b 

Prednisolone- and 
diphenoxylate-treated 

458.4 

854.1 


* Results of dilution counts. 

t Except as indicated by superscript letters, there were no 
statistically significant differences between groups. a = Signif¬ 
icantly different (P = 0.05) from day 6-8 infected controls 
(Mann-Whitney (7-test). b = Significantly different (P = 0.04) 
from day 6-8 diphenoxylate-treated group (Mann-Whitney 
(7-test). 


On the day of worm recovery, each gerbil was eu¬ 
thanatized and its intestines removed. The small in¬ 
testine was slit longitudinally, rinsed of contents, and 
hung in a 50-ml centrifuge tube of phosphate-buffered 
saline (PBS). Its contents were suspended in a separate 
tube of PBS in which they were allowed to sediment 
for 30 minutes, at which time differential dilution counts 
were made of all life history stages represented. The 
cecum, large intestine, and rectum were also slit lon¬ 
gitudinally and hung in a tube of PBS. Their contents 
were Baermannized at 37°C for 1 hr and any organisms 
recovered counted as above. The slit small and large 
intestines were incubated at 37°C for 3 hr when they 
were transferred to another tube of PBS for an addi¬ 
tional 3 hr. After removal of the intestines, the sus¬ 
pended material in these tubes was allowed to sediment 
and parasites were counted as above. 

Parasite fecundity was estimated in groups of hosts 
not given diphenoxylate by dividing the total number 
of larvae found in the intestines by the number of adult 
worms recovered. 

Table 2. Recovery of adult Strongyloides ratti from 
the intestines of gerbils at 2 times postinfection. 


Number of 
adults recovered 
(geometric mean)*f 


Group Day 6—8 Day 21 


Controls 

222.6 

36.0 

Prednisolone-treated 

148.4 

53.6 

Diphenoxylate-treated 

319.5 

35.6 a 

Prednisolone- and 



diphenoxylate-treated 

51.5 

81.3 


* Results of dilution counts. 

t Except as indicated by the superscript letter, there were no 
statistically significant differences between groups. a = Signif¬ 
icantly different (P = 0.05) from day 6-8 diphenoxylate-treated 
group (Mann-Whitney 17-test). 


Table 3. Fecundity of Strongyloides ratti adults in 
normal and immunodepressed gerbils. 


Day post¬ 
infection 

Group 

Number of lar¬ 
vae recovered/ 
number of 
adults recov¬ 
ered* 

6-8 

Infected controls 

14.3 


Prednisolone-treated 

18.5 

21 

Infected controls 

5.2 a 


Prednisolone-treated 

10.4 


* Geometric mean (results of dilution counts). Except as in¬ 
dicated by the superscript letter, there were no statistically 
significant differences between groups. a = Significantly differ¬ 
ent (P = 0.05) from day 6-8 infected controls (Mann-Whitney 
(7-test). 

Statistical analysis 

There was excessive mortality in the experimentally 
treated groups, so that 3 animals, rather than the sta¬ 
tistically preferred 5 animals originally anticipated, were 
available for worm counts at 1 wk after infection. Only 
4 and 3 animals, respectively, survived in the diphen¬ 
oxylate and the combined treatment groups, at 3 wk 
after infection. Given the highly variable nature of worm 
count data and the small group sizes, geometric mean 
worm counts formed the basis for all statistical com¬ 
parisons. All data (Tables 1-3) are presented as geo¬ 
metric means based on the ln(count + 1). 

Results 

The course of each of 3 Strongyloides ratti in¬ 
fections in gerbils is shown in Figure 1. The gerbil 
receiving the lowest larval dose remained posi¬ 
tive by McMaster count for 22 wk and had no 
worms in its intestines when necropsied at 25 
wk postinfection (PI). The second gerbil, last pos¬ 
itive by McMaster at 24 wk PI, was still positive 
by coproculture, a more sensitive test, at 44 wk 
PI. The gerbil given 1,000 L 3 and initially treated 
with prednisolone maintained a higher level of 
larval output than either of the normal gerbils 
(Fig. 1) and at 29 weeks (the time at which this 
report was written) still had >100 L,/g of feces. 
Other preliminary experiments (data not shown) 
indicated that doses exceeding 1,000 S. ratti L 3 
were fatal in 4—5-week-old gerbils. Strongyloides 
ratti infective third-stage larvae obtained from 
coprocultures of the gerbil that received 1,000 
L 3 were infective to mice and produced infec¬ 
tions that were similar to those initiated by L 3 ’s 
from rats. A gerbil that received 1,000 L 3 ’s sim¬ 
ilarly derived has shown a pattern of larval shed¬ 
ding in the feces similar to the original 1,000 L 3 
gerbil for 1 mo, the time interval to date (data 
not shown). 
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Figure 1. Course of infection of Strongyloides ratti in the gerbil as measured by the number of larvae in the 

feces. Gerbils were infected subcutaneously with 500 L 3 ’s (third-stage larvae) (O-O), 700 L 3 ’s (•-•), or 

1,000 L 3 ’s (A—-A). 


In groups of gerbils treated with prednisolone 
and/or diphenoxylate, no third-stage autoinfec- 
tive larvae were found at either time period; only 
eggs , L,’s, and adult worms were recovered. Pe¬ 
riodic weighing of the feces from the cages (5 
gerbils/cage) of diphenoxylate-treated and un¬ 
treated gerbils indicated that the treated gerbils 
produced less feces than untreated gerbils. The 
stage-specific parasite recoveries for the time of 
patency (1 wk) in the 3 experimentally treated 
groups were compared to those of the infected 
control group; none of the former differed sig¬ 
nificantly (Mann-Whitney U- test) from those of 
the latter (Tables 1, 2). Similarly, there were no 
statistically significant differences (Mann-Whit¬ 
ney C/-test) between the worm populations of the 
experimentally treated groups necropsied after 3 
wk and those of the control group (see Tables 1, 
2). However, in most groups there appeared to 
be a marked decrease in the number of worms 
(both larvae and adults) between 1 and 3 wk 
postinfection, but given the small group sizes and 
the variability of the data, this decrease was sig¬ 
nificant in only 2 of 4 and 1 of 4 possible com¬ 
parisons (see Tables 1 and 2, respectively). 

There was excessive mortality of gerbils (7 of 
29) in the d ohenoxylate-treated groups, perhaps 


reflecting the relatively high parasite dose, ap¬ 
proaching that fatal for gerbils, in interaction with 
a regimen of drug use designed for the rat. 

Fecundity of S. ratti was compared in groups 
that were not treated with diphenoxylate. At 1 
and 3 wk PI, there was a decrease in fecundity 
of border-line significance (P = 0.05) in the in¬ 
fected control group with only 36% of the week 
1 larval output occurring at 3 wk. In contrast, 
there was no statistically significant decrease in 
the fecundity of worms between 1 and 3 wk PI 
in immunodepressed gerbils. 

Discussion 

Prompted by observations indicating that ger¬ 
bils harbor unusually chronic Strongyloides ratti 
infections, we sought to determine whether this 
chronicity reflects an underlying autoinfection 
occurring in the S. ra///-infected gerbil. Our in¬ 
vestigations were designed to determine if au¬ 
toinfection occurs naturally in S. rari/-infected 
gerbils or if it could be induced (or enhanced) 
with immunosuppressive agents and/or intesti¬ 
nal motility-altering drugs. Treatment with im¬ 
munosuppressive drugs, particularly corticoste¬ 
roids such as prednisolone, is well known to 
increase autoinfection in Strongyloides stercora- 
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